LANGBERG, J.J., ET AL.: Titration of Power Output During Radiofrequency Catheter Ablation of Atrioventricular Nodal Reentrant Tachycardia. Radiofrequency lesions in the anterior, superior aspect of the tricuspid annulus result in selective elimination of fast pathway/unction in patients with typical atrioventricular (AV) nodal reentry tachycardia. This technique is simple and effective, but has been associated with a significant risk of inadvertent complete AV block. The purpose of this study was to compare the safety and effectiveness of two different techniques for radiofrequency catheter ablation of the fast AVnodaJ pathway. Initially, a fixed power output was used at each target site. This method was compared retrospectively to a newer technique where power output was gradually incremented at each site. Radiofrequency power was initially applied at 10 watts for 10-15 seconds. If no junctional ectopy or a change in Pfi intervoi was seen, power output was incremented by 2 to 4 watts every 10 to 15 seconds up to a maximumof 30 watts. Thirty seven of 38 (96%j patients treated using this incremental power output were cured of their AV nodal reentry tachycardia. None of these patients developed inadvertent complete AV block. In contrast, 92% of historic controls treated with a fixed power output between 20 and 30 watts achieved a primary success and nine of these 89 {10%} historic contTols developed inadvertent complete AV block (P = 0.04). There was no difference in the amplitudes of atrial, His, or ventricular electrograms at the effective sites between the two groups. Conclusions: (1) the anterior approach to radiofrequency catheter ablation of typical AV nodal reentry is associated with a significant risk of inadvertent complete AV block if a fixed power output is used; f2) starting at low power and gradually incrementing the output during radiofrequency energy application reduces the risk of complete AV block; (3) this incremental technique does not compromise efficacy. (PACE, Vol. 16, March, Part I 1993) titration, radiofrequency catheter ablation, reentrant tachycardia
Introduction
Previous studies have shown that radiofrequency catheter ablation in the perinodal region can eliminate typical atrioventricular (AV) nodal reentry tachycardia without interrupting antegrade conduction.^"** Lesions made in the anterior.
superior region of the tricuspid annulus, near the apex of the triangle of Koch, selectively eliminate fast AV nodal pathway function.^-^ While this technique has been shown to be effective, initial reports have suggested that it is associated with a significant risk of inadvertent complete AV block.^ Ŝ tudies in vitro and in animals have shown that lesions are created quickly after onset of radiofrequency energy application, with 50% of steadystate lesion size forming within 10-15 seconds.^'Î n addition, at any given site, there is a direct correlation between applied power and resultant lesion volume." These observations suggest that be-PACE, Vol. 16 March, Part I 1993 ginning at low output and increasing applied power in small increments during radiofrequency catheter ablation may result in slower lesion growth and increase the likelihood that the smallest effective lesion is created. The purpose of this study was to compare the safety and effectiveness of two different techniques for radiofrequency catheter ablation of the fast AV nodal pathway in patients with typical AV nodal reentry tachycardia. Initially, a fixed power output was used at each target site. This method was compared retrospectively to a newer technique in which power output was gradually titrated to identify the minimum effective power output.
Methods

Patient Population
Between August 1989 and January 1992, 127 patients underwent radiofrequency catheter ablation for typical AV nodal reentry tachycardia using the anterior approach. Subsets of these patients have been described in earlier reports.^'^ Patients who underwent ablation using the posterior approach or who had concomitant ablation of an extranodal accessory pathway were excluded from the analysis. The mean age of the patients was 51 ± 18 years and 78 of the patients were women. Paroxysmal supraventricular tachycardia had been present for a mean of 17 ± 15 years and a mean of 2.9 ± 1.8; antiarrhythmic drug trials had been ineffective before ablation was attempted.
Electrophysiological Test
This study was performed under a protocol approved by the Human Research Committee at the University of Michigan and all patients gave written consent. All patients bad a baseline electrophysiology test in order to define antegrade and retrograde AV nodal conduction and refractoriness and to confirm tbe presence of typical AV nodal reentry tachycardia using previously described techniques.'' Tbe following criteria were sought to support the diagnosis of AV node reentry tachycardia: (1) tachycardia induction associated with a critical degree of prolongation of the AH interval; (2) atrial activation during tachycardia that was coincident with or that closely (< 50 msec) followed ventricular activation; (3) failure of premature ventricular stimuli introduced during His bundle refractoriness to advance subsequent atrial activation. Other findings that were suggestive of AV node reentry tachycardia were the presence of discontinuous AV nodal function curves and tachycardia termination witb a premature ventricular beat that did not conduct retrogradely to the atrium.
Apparatus and Catheter Ablation Protocol
Electrosurgical units that supplied continuous, unmodulated sine wave outputs were used for catheter ahlation. Patients 1 through 76 were treated using a device with an operating frequency of 350 kHz (Radionics RFC3B, Burlington, MA, USA) and patients 77 through 127 with a device that operated at 500 kHz (EP Technologies, Inc., Mountain View, CA, USA). Applied power and impedance were continuously monitored during each energy application. Electrode catheters with a deflectable shaft and a distal electrode 4 mm in length were used for ahlation (Mansfield Scientific, Watertown, MA, USA, and EP Technologies, Inc.). Radiofrequency energy was applied between the distal electrode of tbe ablation catheter and a large adhesive skin electrode placed over the left scapula.
Bipolar recordings from the ahlation catheter were obtained with a bandpass of 50 to 500 Hz and a gain of 80 mm per mV. The catheter was positioned at the site of the maximal His electrogram and then withdrawn several millimeters proximally and slightly anteriorly (Fig. 1 ). Electrograms at target sites typically had an atrial:ventricular electrogram ratio > 1 and a His electrogram amplitude < 0.1 mV.
In patients 1 through 89, a fixed radiofrequency power output of 24,3 ± 1.2 watts (range 20 to 30 watts) was applied at each target site. If junctional ectopy or a change in PR interval was seen, then energy delivery was continued until the PR interval increased by 50% over baseline. If no effects were seen after 20 seconds, the ablation catheter was repositioned and the process repeated. Energy application was discontinued immediately if 2° or 3° block or a rise in impedance occurred. A different protocol was used in patients 90 through 127. At each target site, radiofrequency power was initially applied at 10 watts for 10 to 15 seconds. If no junctional ectopy or a change in PR interval was seen, power output was increased by 2 to 4 watts every 10 to 15 seconds up to a maximum of 25 to 30 watts. When junctional ectopy or a prolongation of the PR interval was observed, no further increments in power were made. Instead, power output was kept constant for an additional 15 to 20 seconds.
Tbe endpoints for the ablation session were: (1) attenuation of retrograde fast pathway conduction as manifest by an increase in the retrograde AV nodal block cycle length and/or prolongation of the ventriculoatrial conduction time; (2) elimination of inducible AV nodal reentry. After a successful ablation, all patients had a repeat electrophysiology test before and during isoproterenol infusion sufficient to raise the resting heart rate by > 20% over baseline. Patients were also requested to return 3 months after the initial session for follow-up electrophysiology testing.
Data Analysis
Results were expressed as the mean ± 1 standard deviation. Clinical, electrophysiological and ahlation parameters in the cohort treated with a fixed power output were compared to those treated with incremental power output using Student's t-test for unpaired variables and Chi square analysis. A P value < 0.05 was considered significant.
Results
Baseline Clinical Characteristics
The clinical characteristics of the cohort treated with incremental power output were not significantly different from those treated with a fixed power output (Table I) .
As seen in Table II , baseline AV nodal function in the patients treated with the incremental approach was not significantly different from that in the group treated with a fixed power output, nor was there a difference in the rate of typical AV nodal reentry tachycardia induced at the haseline study.
The amplitudes of the atrial. His, and ventricular components of the bipolar electrograph at the effective site were measured in each patient. Amplitudes were comparable in the group treated with incremental power outputs and fixed power outputs (Tahle II). In particular, the mean His bundle electrogram amplitude was 68 ± 68 jxV in the incremental group compared with 95 ± 90 fiV in the control patients treated with a fixed power output (P = NS).
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March. Part I 1993 The outcomes of radiofrequency catheter ablation in the two groups are compared in Table III . A mean of 6.8 ± 4.9 applications of energy were used iu the patients treated with fixed power output compared with 6.3 ± 4.4 applications in those in whom titration was used. Procedure duration, defined as the time from insertion of hemostatic sheaths until completion of the postablation electrophysiology test was significantly shorter at 61 ± 46 minutes in the subjects treated using the incremental approach compared with 88 ± 37 minutes in subjects in whom a fixed power output was used [P -0.008).
Primary success, defined as elimination of inducible AV node reentry with preservation of 1:1 conduction in sinus rhythm, was achieved in comparable proportions of both cohorts (Table III) .
Inadvertent complete AV block was produced in 9 of the 89 patients in whom a fixed power output was used. The frequency of this complication did not appear to diminish with increasing experience; two cases occurred in patients 1 through 30, three in patients 31 through 60, and four in patients 61 through 89. In contrast, none of the subsequent 38 patients treated using the incremental technique developed complete AV block (P = 0.042).
During a mean follow-up of 9.2 ± 5.4 months there were three recurrences of typical AV nodal reentry tachycardia. Two of these patients had been treated with the fixed power output and one with the incrementa! approach. New high grade AV block was not observed during follow-up.
The target site electrogram did not appear to be predictive of high grade AV block in the cohort treated with a fixed power output. There was no difference in the amplitudes of the atrial, His, or ventricular electrograms at the nine sites that caused block compared with the 74 sites that were successful without block [1.3 ± 0.55, 0.075 ± 0.10, 0.90 ± 0.65 mV vs 1.27 ± 0.88. 0.095 ± 0.090, 0.75 ± 0.60 mV, P = NS).
Follow-Up Evaluation
Immediately after ablation, follow-up testing revealed comparable effects on fast pathway function in both groups (Table III) . Both groups of patients had an increase in the mean AH interval of approximately 40 msec. There was no significant change in antegrade AV nodal block cycle length after ablation. In contrast, retrograde conduction was significantly impaired, with an increase in the retrograde block cycle length or complete ventriculoatrial dissociation in both groups.
Tachycardia recurred either spontaneously or at the time of follow-up electrophysiological study in 12/80 patients (15%) successfully treated using a fixed power output and in 5/37 patients (14%) treated with the incremental approach (P = NS).
Discussion
Main Findings
Results of this study suggest the following: (1) the anterior approach to radiofrequency catheter ablation of typical AV nodal reentry is associated with a significant risk of inadvertent complete AV block if a fixed power output is used; (2) this risk is independent of the "learning curve" for the procedure and cannot be predicted by the target site electrogram; (3) starting at low power and gradually titrating the output during radiofrequency energy application reduces the risk of complete AV block; (4) this incremental technique does not prolong the procedure nor does it compromise efficacy.
This study is limited by the retrospective nature of the comparison. The shorter procedure duration and the trend towards lower His electrogram amplitudes at the effective site in the 38 patients treated with the incremental technique compared to historic controls treated with a fixed power output suggests that the "learning curve" may have influenced the results. However, the in-cidence of inadvertent complete AV block did not diminish with increasing experience in the control patients. Therefore, it seems possible that the new energy delivery strategy may have contributed to the observed improvement in procedural safety.
Comparison to Previous Studies and Clinical Implications
Radiofrequency catheter ablation of AV node reentry using the anterior approach has been described in previous reports.^'^'^ The incidence of complete AV block in these series ranged from 8% to 21%.^'* As in the current study, electrographic and energy delivery parameters did not appear to be useful predictors of subsequent AV block.R adiofrequency lesions made posteriorly, near the ostium of the coronary sinus, affect slow AV nodal pathway function.^ ^ This posterior ap-proach appears to be effective and does not result in prolongation of the AH interval in sinus rhythm. More importantly, target sites are most often several centimeters from the site of the maximal His electrogram, suggesting that the risk of complete AV block may be lower with the posterior approach than with the anterior approach. To date, no cases of high grade AV block have been reported following posterior lesions.
These studies, albeit preliminary, suggest that the posterior approach is the technique of choice for radiofrequency catheter ablation of typical AV nodal reentry. However, 3% to 12% of patients in these series could not he successfully ablated with posterior lesions. In these patients it may be necessary to use the anterior approach. Results of this study suggest that anterior lesions can be made safely if radiofrequency power is gradually incremented at each site.
